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Calibration Objectives

* Develop timely and accurate calibration equations for meteorological
satellites to be able to use any platform to provide consistent
retrievals of cloud, surface, and radiative properties

* Need to be accurate for long-term monitoring

* Need to be timely for real-time applications

* No directed funding, everything piecemeal from various grants
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Approach

» Develop automated system to normalize all imagers to 1 or 2
other "well-calibrated" reference LEO imagers

1. Determine stability of reference LEO imagers

2. Cross-calibrate every 1-3 months

a. Use LEO or GEO to reference every 1-3 months

b. Use LEO or GEO to normalized LEO/GEO
3. Derive degradation equations for each sensor

a. Predict ahead for real time; project back in time for climate

b. Use normalization & deep convective cloud albedo techniques

4. Account for spectral differences in channels theoretically

N'%H NASA Langley Research Center / Climate Sciences Branch



Reference Satellite Stability

» Reference Imagers
- Terra & Aqua MODIS
- TRMM VIRS

 Cross-calibration against each other & CERES broadband data

» Deep convective cloud albedos for solar channels

The reference satellite must be understood as well as possible!

Nii-'ii NASA Langley Research Center / Climate Sciences Branch



=
s
=
5
O
a
5
'—
E
3
9
L
=
&
’F
L]
A
]
o
=
o
=
o
=L

Example Reference Checking
Terra vs Aqua MODIS

Terravs Aqua MODIS
npAPRO3 3.7um

nadir&off-nadir

I T
Agqua
27728

11.00
303.10
254 &7

48.43

275,83
10.09
J01.26
260.73
40.53

QFF
SLOPE 1.0034
QFF -2 84
RHZ 0.85825
STherr 0.8523
MLIRA R22
BlAZS 0.5
A= 112
Hk-=5 0.40
BE 1.0118
SLPyx  1.0158
FOIH [1311] 0.95341

0.8964

180

200
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240

260
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300

320

Terra-MODIS Ch20 {3.8um), Temperature {k)

&<

Aqua-MODIS Ch20 (3.8um) , Temperature (k)

spAPRO3 NIGHT 3.7um

nadir&off-nadir

QFF
SLOPE 1.1164
QOFF -30.85
HZ 0.9810
STDherr 1.4062
ML 1378
BlAS 176
A5 273
A5 110
PG 1.1226
SLPy  1.1271
FDIH [1&'2;] 0. 9'.:"48

0718
0731
08805

180

200

220

240

260

280

300

320

Terra-MODIS Ch20 {3.8um), Temperature (k)
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Day-night comparisons reveal 0.5K bias and bad cold temps




LEO-to-GEO/LEO Cross-Calibration Method

e Match data & compute average radiance L , brightness
temperature T, or Count C within a 0.5° region using following
selection constraints

- ASZA < 5°, AVZA < 10°, ARAA < 15°, At < 15 min, no sunglint

* Normalize all solar channels to common solar constants
* Normalize each radiance to a common SZA
e Perform linear regression
Xiet=a Ygq + b
X=LorT,; Y=L, T,orC
« Compute trends in a(t) and b(t) from sets of coefficients
a=c,+c,DSR + c, DSR?; b=d,+d, DSR + d, DSR?

DSR = days since reference date
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Examples of LEO-to-GEO Normalizations

GOES-8 vs Terra-MODIS
JUNOZ2 0.65um

SLOPE

SLPyx

FOHB‘?]LUE19

1.0612
J2.52
08855
62455
1789

1.0660

100 200 300 400 500 600 700

GOESS8 CH1(0.65um) CNT (10 bit)

VIRS CH1(0.65um) , Radiance (Wm*sr'um™)

GOES-8 vs VIRS
JUNDO2 0.65um

SLGPE 1.0126
X off 29.24
0.98 64
89.3704
1504
1.0187
1.0266
FOﬁB1$ 10?3?

100

200 300 400 500 600 700

GOES8 CH1{0.65um) CNT {10 bit)




METS vs TERRBA METS8 vs TERRA

Aug06 NIGHT 3.79um Aug06 DAY 6.77um
340 | VT TRESY [FT B PR EI Y ML TR TR (R 280 v T ; T ! T J T ¥
METS TERRA i METS TERRA
. AVE 27971 28343 Ml AVE 24278 24483
= S0¥ 1383 1350 = rsoy 762 A12
o J20-MAX 23353 29748 . . ~—- MAX P57 7B 26498 F
5 MN 20745 21538 = £ ,gpl| MN 20680 20802 '
I RNG  BEf4 821D 2 "ANG 5086 56.96 Lt y
S 300 . g | ]
; : MET-8
? =
—_ . 240 =
E 280 : £
2 2 | , Vs
S 5
260 . =
X g 220 W
o SLGPE 04882 SLOPE 10544 T
OFF 7087 o OFF | A1.06 erra
T A 0.9521 b A 09810
@ 240 STher 120077 5 STDerr 11204
z HUM 6425 < NLM 6260
& BIASHYY 3721 o 200 BIASPLYY 2154
AMS as [ AMS 245
E 220 AMS. 136 |-|_-| AMSY. 1.00 Au 2 O O 6
¢ SLPyx 05560 e SiPyx  1.0758 g
2001 I i i i | Fannag 10373 1801 i I p I " L Mt il i
200 220 240 260 280 300 320 340 180 200 220 240 260 280
METE NIGHT CH4{3.92um)} , Temperature (k) MET8 DAY CH5{(6.25um) , Temperature (k)
METS vs TERRA METS vs TERRA
Aug08 DAY 11.0um Aug08 DAY 12.0um
320 LI = DT B T B B T 320 T T T - T ° I
AVE 28418 28343 ' e aa iy
3 E X X FAVE 28153 28233 T
= S0V 1280 1284 o SOV 1188 1300
— 300 l-max 30678 320620 - = 300mAx 50256 30560 -
@ MIN 20571 20392 v MIN 20527 20363
% FANG 10107 10228 2 FANG 7 ES 101.81 E
w
E_ 280 - % 28O =
E
- 2 - ]
3 260 7] =4 260 - u
=) =
= o
g 2401 . . = 240 .
= SLFCIP‘E 09995 = 1.0744
9 OFF 0,71 = 2015
A 059914 -
= 220 SToerr 11515 < 2201 Eggg;“
p HUM 6245 = 245
= BIAS(XY) 0.73 = W BIASDLY) -0.80
E sio1- AMS 1.40 & g AMS 223
E ¥ AMS9E .45 E 200+ E AMSY, 0.797
P .‘-' o i ARES
[ SLPyx  1.0080 E 5 SLPyx  1.08751
N S PR T SR .. e 1| T SO MR TR NP s ;oo ok e
180 200 220 240 260 280 300 320 180 200 220 240 260 280 300 320

METSE DAY CHE(10.8um) , Temperature (k) METS DAY CH7Z{12.0um) , Temperature (k)



GEO-to-GEO/LEO Cross-Calibration Method

« GEO-GEO

- Match data & compute average radiance L , brightness
temperature T, or Count C within each 1.0° region
straddling the bisecting longitude at time closest to local

noon for solar channels (ensures matched SZA, RAZ, & VZA)
and at anytime for IR channels

- Follow same procedure as LEO-GEO for normalizing

« GEO-LEO

- Follow same procedure as LEO-GEO for normalizing
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Examples of GEO-to-GEO Normalizations

G12 vs METS G12 vs METE G12 vs METE
Apr06 DAY 0.64um Apr06 DAY 3.92um AprDB NIGHT 3.92um

WETH 3 Gig. METE
e 5y 283 48 PO 44
T i 1184 11194
253,78 297.00 250 43
24n 3% N4A0 208 B8
52 40 250 THES

Temperature (&)

LN
08T
148117

353 |

2317
AN
BT 2

SLOPE 12972
e AR
i L Rie]
EThwr 295851
UM 2620

SUPvE 13158 F ELPyx 053351
FORRRIS 0 12248 ; A FOREM 04735

METSE DAY CHA{0 B4urn) CNT (10 bit)

METE DAY CHP{3 92um)
METE NWGHT CH2(3 82um) , Temparaiura (k)

J I 1
K A00 GO0 00 ; 220 M0 250 280 300 3% 340 220 ™MD 280
G112 DAY CHY(0E5um) CNT {10 bit) G12 DAY CH2(3.90urmn) , Temperatune (k) G112 NIGHT CH2{3 90urn) | Temparaiure (k)

G12 vs METE 312 vs METS G12ve METE
Apr06 NIGHT 6.25um Apr0g DAY 10.8um Apr06 DAY 13.4um

LT | T T T T ¥ T
METE 12 METE
280 52 AVE 25302 2884
15.52 a0 1115 118S
02 85 WAK M0 ZTATS
2003 MEN o006 201TS
102 3 ANG MO0 TIOS

g

erahare (K]

g

, Tamparaiure (k)
Tem

SLOPE 18374
aFF £ 51
0gTss

1 EaE

J A58
BIASOYY -2 62
]

SLOPE 00035
o 1351

METS DAY CHA10.8um) , Temperates (k)

METE DAY CUE(13 dum|

METE NIGHT CHE(6.25um)
fa
]

SPyr 10257 4 SLPyx 18581

LR B FCANSY 1 oaae

T Yotk L 180 T
180 it i ] 220 240 50 280 300 320 200 20 240 260 280 300 320
G112 DAY CHe{10.Tum) , Temperature (k) G12 DAY CHS(13.3um) , Ternperature (K}




Deep Convective Cloud Technique (DCCT)

« Assumptions

- Mean spectral albedo of deep convective clouds (DCC) is
constant over time

- Change in mean would indicate change in calibration response

* Approach

- Select pixels 1 over ocean between 30°N and 30°S that meet

T,y < 205.0 K, SZA < 40°, VZA < 40°, 10° < RAA < 170°

o(T,) <1.0K, & o(p) <0.02 p, o for i + 8 surrounding pixels
- Correct for anisotropy, normalize reflectance to SZA = 0°

- Create histogram, compute mean & mode

- Compute trends in mean and mode
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MET-8 0.86um DCCT monthly PDFs
June - September 2006

MET_8 temperature bands
temp= 160.0t0 205.0
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Theoretical Spectral Correction

« Spectral filter functions vary from imager to imager
- Atmospheric scatter and absorption vary with wavelength
- Surface and cloud reflectance, emissivity vary with wavelength

- Need to correct intercalibrated radiances

* Approach

- Use radiative transfer models to compute L [L,.«(K)], K = sfc type

Compute L, for range of atmospheres, clouds, & aerosols for all imagers x
Lu(K) = (L, (K)) (1)

- Use SBDART, 3 SZAs, albedo not L, 3 sfc types: ocean,
vegetation, sand

ref

- Given normalized value of L', from intercalibration, compute final
value as L.(K) = f(L'(K))

"ig-'ii NASA Langley Research Center / Climate Sciences Branch



Visible Channel Spectral Response Functions

; D.BSLILm RESPONSE FQNCTEONS. 0.64um RESPONSE FUNCTIONS
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Similar variations seen in other channels!
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Examples of Spectral Corrections, MODIS to GOES

0.65 um

VEGETATION

0 02 04 06 0.8 02 04 06 08 0 02 04 06 08
Terra Terra MODIS Terra MODIS

Ocean and sand are very similar, vegetation brighter for GOES
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Spectral Corrections to Terra MODIS, Ocean only

Satellite
GOES
M eteosat-7
M eteosat-8

MTSAT-1R
VIRS
N14

* Broadbands have SZA dependence

 SEVIRI closest to MODIS
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Processing

* Ingest data from

- UW-SSEC McIDAS (GEOsats)
- NASA LaRC ASDC (TRMM)

- NASA GSFC DAAC (MODIS)
- NOAA SSA (AVHRR)

 Run matching routines, collect output
* Perform regressions
e Produce & post graphical & numerical output

 Link to webpages (real-time & archival)
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Archive Calibration Page

Terra_MODIS  Aqua_MODIS GOES-8 NODAA-17
VIRS/Terra VIRS/Aqua VIRS/GOES-§ '
Terra-MODIS = Tena/VIRS | Termd/Temad | Tema/Aqua Tema/GOES-8

NOAA-17

» MET-B calibrations EUMETSAT MTG Prague May0d
+ TWPICE calibrations TWPICE FOP Jan06
» IR CENTRAL WAVELENGTHS
= NOAA AM/PM combinations:
oNOINIO oNIONIL oNIUNIZ oNIZNI4 oNI4NII oNIS/NIG oNIGNIT

« Other combinations:
o VIRS/GMS-5 o N-12/N-140LD o N-14/N-150LD

Deep Convective Calibration

VYIRS Terra-MODIS Aqua-MODIS GOES-8 GOES-12 MET-8 NOAA-09 NOAA-11 NOAA-14 NOAA-16 NOAA-17

065
VerS065 | 065 ascil
Vers 065 ascil 047
' e | 0®m | B | = | m | =
L6t

212
137

Satellite Channel Response Functions

» ASCI] satellite response functions

= Nomalized Response Functions
| 065um @ O86um | 1.6um @ 3TJum | 6um | Ilum 1Zum
' X X | X X X X &

« Visible Channel Normalized Response Functions




Archive Individual Pair Calibration SubPage

VIRS vs Terra-MODIS (version #4)

» Individual Monthly JPEG Plot
[ Jan | Feb | Mar | Apr | May |
; ; 25 | 123%".
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CHANNELS STATS MATCHING DATA ASCII
* Timeline JPEG FPlot

t| R2 STDerr # Bias RMS RMS% Mave Vave SLPpc SLPyx SLPfor
I
|

3
[
5

| o | e e

0.65um |
' 1.6um |
"3.7um |
ilum |
12um |
STATS ASCIT

] 1o | e e
o [t i [t |
e 14 14 b
e 1] o] ] e
e (b 4| e e
] 1| 1| ] ot
I e 1] | e
[ | [Je | [ e [
| [ | ] e
| [ [ [ [
e [ | ] e
el 14 4] ] e




Real-Time Calibration Page, Part 1
started March 2006

Latest Calibrations Coefficients
GEO-satellite MET.8 MET-5 FY2C MTSAT %%%Ss'llﬂ GOES-12
| | -11
: AVHRR-satellite | NOAA-15 | NOAA-16 | NOAA-17 | NOAA-18 |

i i calibration domains

GEO to GEO Cross-Calibrations

FY2C 0.75um Night Examples problem good

FY 2C 3.7um Night Examples problem good

MET8 | MET-S  FY2C ‘ GOES-12

MET-8 | - | METS/METS| METRFY2C |  METS/GOESI2 |

METS | METSMETS | - | MEISFY2C |

[ FY2C | FY2C/METS |FY2C/METS | : | FY2C/MTSAT _

' MTSAT ' MTSAT/FY2C ‘ g MISATIGOLS i? !

\GOES-10| l | |GOESIOMTSAT | ) "|GOESI0/GOESI2 |

\GOES-11 | | \GOES11/MTSAT GOES11/GOES12 |
‘ \GOES12/GOES10 GOES12/GOESI11 | '

GOES-12 GOESI2METS
GEO to LEO Calibrations calibration domains

MET-8 MET-5
Tema/METS | Terra/FY2C iTcrmMISAT MI Qgﬂﬁgﬁs-m“ Temra/GOES12

Aqua/GOES10 &QMQESIZ

- GOES-10 |
FY2C MTSAT GOES-11 GOES-12

Terra-MODIS | TerwMETS
&auaiMﬂIE &QM M m-.mm Aqua/GOES11

| VIRS | VIRSMETS |VIRS/METS VIRS/FY2C VIRS/MTSAT WS - QEmSH VIRS/GOES12
NOAA16-AVHRR NOAA16/METS | NOAAIG/GOESI2
INOAA17-AVHRR NOAA17/METS | , ' NOAAIT/GOESI2
[NOAA18-AVHRR NOAAI1SMETSE i NOAAIB/GOES12

Aqua-MODIS




Real-Time Calibration Page, Part 2
LEO to LEO Calibrations

| Terra | Aqua | VIRS | NOAA-16 | NOAA-17 | NOAA-18
| Terra-MODIS | - [ Tema/Aqua | Temw/VIRS | Tema/NOAAI6 || Tema/NOAAI7 | Tema/NOAAIR
| Aqua-MODIS | AquafTema | - | Aqua/VIRS || AqualNOAAI6 | AqualNOAAI7 | AquaNOAAIR
| VIRS | VIRSTemra | VIRS/Aqua || : [ VIRSINOAAI6 | VIRSNOAAI7 | VIRS/NOAAIS
[NOAA16-AVHRR NOAA16/Terra NOAA16/Aqua NOAAIG/VIRS | . [NOAAT6/NOAA17[NOAAI6/NOAATS
INOAAI7-AVHRR NOAA17/Terra NOAA17/Aqua NOAA17/VIRS [NOAATT/NOAALS| - INOAAI7T/NOAAIS
INOAAIS-AVHRR NOAA18/Terra NOAA 18/Aqua NOAA18/VIRS [NOAAIE/NOAA16[NOAAIRNOAATLT|

Deep Convective Calibration

| MET8 | MET-5 | FY2C | MTSAT | GOES-11 | GOES-12

0.65 ascii PDF
GEO-gain |0.86 ascii PDF |0.75 ascii PDF |0.73 ascii PDF |0.73 ascii PDF |0.65 ascii PDF 0.65 ascii PDF
1.64 ascii PDF

VIRS | NOAA-16 | NOAA-17 | NOAA-18

0.65 5A ascii 5A
PDF 5A

1.64 V6 ascii V6
FPDF V&

0.65 V6 ascii V6
FDFE V&

Verb->VerSA YYYY
Verb->Ver5A DSL
Vert->Ver5A Dec31-03

0.65 ascii
PDF
0.85 ascii
PDF
1.64 ascii
PDF
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Individual pair calibration web page

MET-8 vs Aqua-MODIS 9-channel

e Individual Monthly JPEG Plot
| |Jan|Feb Mar| Ma ep [ Oct|Nov|[Dec

2006

MONTHLY ASCII FILES

e VIS Timeline JPEG Plots
| || Slope || Xoffset ||
[O6hm | X | || ||
[08um | X | || ||
[i6hm | X | || ||
IR Timeline JPEG Plots
| [Stope [ Yoffset | R2|[STDerr | #|[Bias|[RMS |[RMS% |[MSave | Tave [ SLPpc || SLPyx || SLPfor
392um || X | X X[ x [ x| [ LX |l [ |
625um | X | X X[ X [ X | [ LX | [ |
[108um || X | X X[ x [ X | [ LX | [ |
[120um|| X | X [x[x [ x| [ LX | [ |
X
X

| 87um | X | X[ x [ X | | | X | | |
[134um | X | X[ x [ x | | L X | | |

TIME LINE ASCII FILES

[ ] [ Lo ] 5 {] Lo | ot
Lo | 5 [ Lo ] 5 {1 | ot
Lo || 5 [ Lo ] 5 || o | ot
Lo | 5 [ Lo ] 5 {1 | ot
[ {1 || e {15 {1 || 1
[ {1 || e {1 5 {1 || 1o
[ {1 || o {5 {1 || 1
[ ] [ Lo ] 5 {] Lo | ot
[ {1 || e {1 5 {1 || 1o

e Spectral Response Functions
065 0851 164 392 625 108 120 8.7 134 Central wavelengths Corrk resulis




Individual pair calibration web page
METS vs METS

METS vs METS

 Individual Monthly JPEG Plot
Mar | Apr | May | Jun | Jul | Aug | Sep |OctNov Dec

13d3n4dd 13d3n4d|13d3n4d|13d3n4d|13d3n4d 13d3n4d||13d 3n4d
4n 4n | 4n | 4n | 4n 4n | 4n

MONTHLY ASCII FILES

+ VIS Timeline JPEG Plots
| Slope | Xoffset = R2 | STDerr | # | MET8ave | MET5ave | SLPpc | SLPyx | SLPfor
o@m] X | X X[ X [X] X | X | X | X | x

« IR Timeline JPEG Plots
Slope |Yoffset | R2|STDerr | # B
[(67um [ X [ X [X[ X [X
[108um| X | X [X][ X [X]

|RMS% MET8ave MET5ave SLPpc SLPyx SLPfor
X | X | X | X | X | X
[ X [ X [ X [ X [ XX

Bias |RMS
(XX |
(X [ X

TIME LINE ASCIHI FILES

+ Speciral Response Functions
065 67 108 Central wavelenpths Corrk results

* ReadMe Files
CHANNELdefinitions STATdefinitions MATCHING

NASA NASA Langley Research Center / Climate Sciences Branch




MET-8 vs Aqua-MODIS

Monthly Plot Timeline
METS vs AQUA Met8 vs Terra, 2004 -2007
Sep06 DAY 0.65um ’ VIS, 0.64 um

. . m Slope (Offset = 53.3)
METH  AQUA
1426 9261 . @ Slope51 (Force fit to 51)

1428  82.814
FAT7E 441 .86
g8.6 23.02

6391 41884 2 Sep 2006
7 Gain=0.6424

P
=
=

SLOPE 06472

Xoff hah
A® 0.898174
STherr 854433

S EUMETSAT Slope ~ 0.575
SLPyx 06526 . ' . I
FORIS 06424 400 800 1200 \foo

200 400 600 800 :
MET8 DAY CH1(0.64um) CNT (10 bi) MET8 Days Since Launch
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FY2C vs Terra-MODIS, 3.75um

Before Jan 16, 2006 After Jan 17, 2006

SLOPE 1.28848

-86.05 7

0.9466
STherr 3.05217]
MU A 477
BIASIGTY 1.407
A3 4.41
AlS: 1.517]

SLOPE 08736
OFF 967
A 0.9730
STherr 207807
MUK 1641
BIASIGTY -2.03 1
AMS 282
217 AMSZ, 1.00]

PC 0.9865
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MTSAT vs Aqua-MODIS, 3.75um

Before Feb 14, 2006 After Feb 15, 2006
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GEO to GEO domains and pairs

S50 =

150k 120k p=am | [ =7} =00k (] 2O =7 = h=] ) = 120K 150K

GEO to GEO Cross-Calibrations calibration domains
FY2C (0.753um Night Examples problem good
FY2C 3. 7um Night Examples problem good

MET-8 MET-5 MTSAT




3 Way Cross-Calibration Validation

Consistency and Accuracy of GOES-8, VIRS, & TERRA-MODIS
Calibration Trends

wisibla, 0.65um
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GEO and LEO DCC

Deep Convective Calibration

| | MET-8 | MET-5 FY2C | MTSAT | GOES-11 | GOES-12
0.65 ascii PDF
GEQO-gain ||0.86 ascu PDF|0.75 ascu PDEF|0.73 ascu PDF||0.73 ascu PDF|[0.65 ascu PDE|0.65 ascu PDF
1.64 ascii PDF
| Terra | Aqua VIRS | NOAA-16 | NOAA-17 | NOAA-18
0.65 ascii 0.65 ascii

7 ascil A7 asci

ascil D3 ascll 0.65 ascu PDF
PDF 1.64 ascu PDF

ascil 24 ascll Verb->VerdSAYYYY
PDF Verb->VerSA DSL
ascil b4 ascii Verb->VerdA Dec3l-
03

ascil . ascil

ascil 37 asci
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Terra-MODIS DCC degradation

COLD CLOUD COUNT for Terra MODIS . . .
during 2000-2006 » Apparent trend due to gain jump in

late 2003
» Correction needed after day 1419

Open squares corrected for gain change
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VIRS DCC degradation

Version 5A Version 6

COLD CLOUD COUNT for VIRS VERSA COLD CLOUD COUNT for VIRS VERS
during 1998-2004 during 1998-2005
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VIRS DCCT degradation correction

: VIRS Ver6 corrected
VIRS Ver6/Ver5A correction T

VIRS VIS verbivers ratio diying 17HB-000
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Comparison of LEO-GEO and DCCT Trends

GOES-8 based on VIRS GOES-8 based on DCCT

Monthly PDF modes
1.05}
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» Curves agree for bulk of period, but differ on extremes
* Need more DCC datapoints
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LEO to LEO Technique and Target

Collocate AM/PM Polar orbiters and average pixel radiances into 50km
diameter regions at the ground intersect (Nadir method)

— Limited to polar latitudes (70° Aqua/Terra), (80° NOAA)

Off Nadir method uses 50km region with identical VZA limited to 7.5° VZA
- Increase the # of samples and dynamic range

80N
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* NADIR
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oy 180W
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Terra/Aqua MODIS, 10.9um, Aug 2006
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PC fit, ch1

force fit, ch1
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Calibration can then be transferred back Iin time
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AVHRR DCCT degradation

COLD CLOUD COUNT for NOAA-16
during 2001-2004
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Conclusions

» Well-calibrated GEO & LEO radiances necessary to produce
accurate & cross-platform consistent cloud properties and fluxes

- Reference imager radiances necessary
- Cross-platform normalization can provide accurate calibrations

 NASA-Langley has developed a prototype end-to-end system linking
the calibration of relevant channels on a host of satellites

- MODIS serves as reference

- Multiple approaches ensure redundancy & error checking

- Radiative transfer methods used to adjust normalized results
- Results to be made public in 2007 (NOAA9-NOAA18 + GEOSs)

For references: http://www-pm.larc.nasa/calibration/calib-ref.ntml
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Future Work

 Collaborate with calibration community

» Construct user-friendly web page

» Complete documentation & error analyses

« Continue real-time processing with QC

» Develop & test complete set of K-dependent normalization corrections

» Revise historical & real-time results as needed

» Add new satellites as needed

e Secure funding to complete the system
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